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INTRODUCTION 


^ Numerous  periodicals,  books,  and  reports  were  reviewed,  for  the  purpose  of  obtaining  current 
information  on  color  coding  research  and  other  applications  of  color  for  use  on  television.  Fifty-seven 
of  the  documents  were  selected  for  annotation.- -While  the  review  is  extensive,  it  is  not  comprehensive 
in  the  sense  that  much  of  the  dieoretical  and  conceptual  work  done  in  die  area  was  passed  over  in 
favor  of  applied  research. 

The  bibliography  is  arranged  alphabetically  by  author.  Also,  an  author  index  and  subject  index 
are  provided,. in  the  back  of  the  report.  Organized  in  this  mannTr.  the  review  presents  sufficient 
information  and  data  to  provide  the  reader  with  a general  understanding  of  the  scope  of  the  work, 
ihe  parameters  investigated,  the  measures  used,  and  the  results  of  the  salient  color  and  color  coding 
research  to  date. 
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BIBLIOGRAPHY 


Allport,  D.  A.  “Parallel  hncoding  Within  and  Between  Llementary  Stimulus  Dimensions." 
Perception  and  Psychophysics,  Vol.  10(1971),  pp.  104  108. 

Color  and  form  were  investigated  to  determine  their  effect  on  performance  when  encoded 
simultaneously.  The  author  found  that  color  and  form  (numbers  and  geometric  shapes)  provided 
more  correct  responses  than  form-form  (numbers  within  shapes  I coding. 

Alluisi,  E.  A.,  and  P.  I . Muller.  Jr.  “Verbal  and  Motor  Responses  to  Seven  Symbolic  Visual 
Codes:  A Study  in  S R Compatibility,”  ./.  Exp.  Psych.  Vol.  55  (1958),  pp  247  254. 

To  test  S R compatibility,  Ss  responded  verbally  and  with  key  presses  for  comparison  with 
seven  types  of  visual  codes:  two  types  of  numbers,  three  types  of  clock  inclinations,  ellipse-axis 
i alio  and  colors.  Thes  found  that  number  codes  were  superior  to  the  others  with  color  codes  a 
poor  sixth.  Verba!  responses  were  more  accurate,  but  motor  responses  were  faster  (see  Table 
2.1). 


TABLE  2.1 . Average  Posttraining 
Self-Paced  Performance  With 
Seven  Symbolic  Codes. 


Code 

Speed* 

Accuracy6 

H «• 

AND  10400 

72.70 

93. 0S 

3.97 

Arabic  Numerals 

75.11 

99.57 

4.3S 

Symbolic 

73.22 

93.96 

4.00 

Arabic  Numerals 

77.91 

97.00 

4.20 

Simple 

92.85 

91  26 

3.05 

Inclination 

107.14 

99.03 

3 02 

Clock 

90.96 

92.82 

3.17 

Inclination 

103.33 

9S.67 

3.14 

Binary 

90.50 

93.08 

3.23 

Inclination 

103.26 

97.73 

3.13 

Ellipse-Axis 

100.27 

88.86 

2 68 

Ratio 

122.99 

9 9.37 

2.56 

Color 

100.05 

8S.'M 

2 74 

120  50 

9S.S7 

I 

260 

Note. — Upper  vali.es  are  data  for  tlie  motor  re- 
sponse* of  Kxp.  I.  loner  italicized  values  are  data  for 
tne  verbal  res(*>nse*  of  Kxp.  II. 

• Mean  time,  in  sec  . per  100  resivmsos. 

* Percentage  correct  re«u*>nsrs. 

•Average  rate  of  information  transmission  i*r  .V.  in 

btta/aec. 


--Copyright  1958  by  the  American  Psychological 
Association.  Reprinted  by  permission 
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Anderson,  N.  S..  and  P,  M.  Fitts.  “Amount  of  Information  Gained  During  Brief  Exposures  of 
Numerals  and  Colors,”  J.  Exp.  Psych..  Vol.  56  (1958),  pp.  562  369. 

To  increase  coding  alphabet  si/e  by  increasing  stimulus  dimensionality,  three  presentation  levels 
were  studied:  nine  color  patches,  nine  black  numbers,  and  nine  black  numbers  on  color  patches. 
In  terms  of  transmitted  information  (bits)  the  color-numeric  code  was  superior  in  that  it 
transmitted  more  information  than  either  unidimensional  code  (see  Figure  3.1). 


--Copyright  1958  by  the  American  Psychological 
Association,  Reprinted  by  permission. 


FIGURE  3.1.  Mean  Total  Information 
Gained  (Transmitted)  per  Message  by  Ss 
in  Exp.  I and  II  (N  = 12  Different  Ss  in 
Each  Experiment). 
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4.  Bedford,  R.  F.,  and  G.  W.  Wyszecki.  “Wavelength  Discrimination  for  Point  Sources,"  Opt.  Soc. 
Amcr..  /,  Vol.  48  (1958),  pp.  129  135. 

Wavelength  discrimination  curves  for  two  subjects  were  measured  under  differing  intensities  and 
field  sizes  (1.5.  12,  and  1°).  It  was  found  that:  (1)  diseriminability  deteriorates  with 
decreasing  field  size,  and  (2)  maximum  diseriminability  occurs  at  420,  480,  and  580  nm,  while 
inimmums  occur  at  about  440  and  520  nm.  It  is  worth  noting  that,  while  discrimination  falls 
off  with  smaller  field  sizes,  as  long  as  the  light  source  is  sufficiently  intense  (2,000  trolands  for 
the  1.5  field  and  100  trolands  for  the  12  and  1°  fields)  it  is  still  readily  accomplished  (see 
Figure  4.1 ). 


FIGURE  4.1.  Dependence  of  Wavelength  Discrimination  on  Field  Size 
for  Observers  R.  B.  and  G.  W. 
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5 Bishop.  H.  I’.,  and  M.  N.  Crook.  Absolute  Identification  o]  Color  for  Targets  /‘resented  Against 
White  and  Colored  Backgrounds,  Wright  Air  Development  Division.  Wright-Patterson  Air  Force  ' 
Base,  Ohio,  WADD,  March  1961.  (Technical  Report  60-611.) 

Ciicular  targets  varying  in  size  (10’,  21',  1.4°  and  5.7°),  hue  (B461.  BG-492,  GB-500,  0-52 1 . 
GY-538,  GY-552,  YG-574,  Y-588,  0-606,  and  R-630  nm).  purity  (20.  30.  50,  70.  and  10070 
and  target-background  luminance  ratios  (2:1,  20:1,  200:1,  1:1,  1:2,  and  1:5)  were  tested 
against  red.  green,  blue,  and  white  backgrounds  of  low  to  high  purities  to  determine  absolute 
identification  of  color  targets.  The  study  was  very  complex  and  in  some  cases  precise 
experimental  control  was  sacrificed  to  gain  at  least  superficial  data  on  the  levels  of  the  various 
paiameters.  Nevertheless,  the  findings  should  be  useful,  although  additional  studies  are  needed 
to  validate  specific  results. 

They  found  that:  (!)  the  target  size  of  10'  hindered  performance  more  than  the  other  three 
sizes'.  (2)  the  10  colors  mentioned  above  can  be  used  with  purities  of  307  (407c  recommended) 
and  70%,  and  luminance  ratios  ot  2:1,  20:1,  and  200:1,  to  provide  an  alphabet  size  of  30 
colors  against  a white  background  (with  moderate  practice);  (3)  background  color,  low  target 
purity  and  high  background  purity  with  low  target  luminance  all  make  the  task  considerably 
more  difficult  (extensive  training  can  help):  (4)  positive  contrast  targets  (e.g..  target  I ftL, 
background  0.5  ttl.)  were  detected  more  often  than  negative  contrast  targets  (e.g..  target  10 
ftL,  background  20  ftL).  (See  Figure  5.1.) 


FIGL'RF.  5.1.  Percent  Errors  in  Color  Identification  as  a Function  of  Target  Purity  for  Subject  Group  3. 
The  basic  stimulus  set  of  28  items  was  tested  against  red,  green,  and  blue  backgrounds  at  20%,  607.  and 
maximum  purity,  and  white.  The  dotted  branch  of  the  curve  for  white  background  is  based  on  regular  and 
refresher  runs  combined.  The  data  for  20%,  50%.  and  “90”%  target  purity  are  from  subjects  RT,  LM.and 
DC » , those  lor  10%,  30%,  and  70%  from  subjects  DM  and  I D,  and  those  for  maximum  purity  from  all 
subjects  combined.  Experiment  I . 
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10  20  JO  <0  50  f-0  70  00  SO  100 


TARGET  PURITY  — per  CENT  P« 


10  20  30  40  50  CO  70  60  90  100 


TARGET  PURITY  — per  CENT  p« 


FIGURE  5.1.  (Contd.) 


6.  Brooks.  R.  “Search  Time  and  Color  Coding,  " Psychonomic  Sci.,  Vol.  2 (1965).  pp.  281  282. 


Investigating  the  effects  of  color-coding  on  search  time  performance,  the  author  presented 
subjects  with  five  color-coded  conditions  and  one  no-color  condition  using  alphanumeric^  seen 

in  a matrix -on-paper  display.  The  subjects'  task  was  to  search  a display  ot  50  items  and 

identify  those  items  beginning  with  H.  of  which  there  were  10.  The  H items  were  underlined  in 

red  except  for  the  “no-color”  condition.  Other  letters  were  underlined  wi tit  yellow,  green,  blue 

and/or  violet,  depending  on  which  condition  (0.  1.  2,  3,  4.  5 colors)  was  being  tested. 


The  results  show  that  the  II  items  were  found  more  quickly  when  they  were  color-coded  (even 
when  additional  confusing  colors  were  added)  than  when  they  were  not.  The  report  does  not 
make  it  clear  whether  the  lack  of  color  or  the  lack  of  underlining  increased  response  time  for 
the  “no  color”  condition  (see  Figure  6.1). 


•O 


W 


a 


0 

0 1 3 3 * > 

UytrlMrUl  Condition* 

( |.«tcr  of  tokoro 


FIGURE  6.1.  Average  Search  Times  as  a 
Function  of  the  Number  of  Colors  Employed. 
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7.  Burdick.  D.  C„  l.  M.  Chauvette,  J.  M.  Duls,  and  A.  F.  Goins.  Color  Cathode  Ray  Tube 
Displays  in  Combat  Information  Centers.  U.  S.  Naval  Research  Laboratory,  1965,  Report  No. 
6348. 


The  authors  reviewed  both  the  literature  on  color-coding  and  state-of-the-art  for  color  CRTs. 
Their  findings  are  in  accord  with  other  surveys  regarding  color  (e.g.,  Cook),  but  emphasize  a 
cost-elfectiveness  approach.  They  conclude  that  color  CRTs  are  probably  worth  the  added  cost 
for  some  tasks  (i.e.,  locating).  They  include  a list  of  coding  methods,  along  with  the  effective 
number  of  levels  for  each  code.  (See  list  below.) 


Coding  modality 

Coding  level 

Color 

3 10 

Si/e 

3 

Shape 

Alphanumeric  and  punctuation 

50 

Abstract 

8 16 

Suggestive 

200  1000 

Positions 

Linear 

3 5 

Two-dimensional 

4 9 

Three-dimensional 

8 12 

Orientation 

4 8 

Line  width 

2 3 

Number  (quantity) 

4 

Flicker 

2 4 

Intensity  (brightness  or  grey  scale) 

2 4 

Line  length 

2 4 

Line  type  (dotted,  dashed,  etc.) 

3 4 

Focus  of  distortions 

: 

Depth 

2 3 

Motion 

2 10 

8.  Cavonius.  C.  R.,  and  R.  Ilil/  “Visual  Performance  After  Preadaptation  to  Colored  Lights."  ./. 
t'xp.  Psych.,  Vol.  83  (1970).  pp.  359  365. 

Times  required  to  detect  a simple  lighi  and  to  discriminate  the  letter  ‘E\  were  compared  as  a 
function  of  wavelengths  ot  preadapting  light.  They  found  that  visual  sensitivity  to  dim  lights 
was  best  after  exposure  to  red  lights  (680  nm).  but  acuity  was  best  after  orange  (600  nm)  (i.e.. 
recovered  more  rapidly).  They  suggest  red  goggles  are  appropriate  only  when  a visual  task  can 
be  performed  scotopically  (dark-adapted  eye-rod  vision). 

Also,  recovery  time  is  longer  as  preadapting  luminance  is  brighter  (18  sec  for  220  ft L vs  7 sec 
for  2.7  ft L at  600  nm).  The  optimum  appears  to  be  to  filter  out  light  below  600  nm. 
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l)  ( hapanis.  A.,  and  R.  M.  Halsey.  "Absolute  Judgments  of  Spectrum  Colors."  J Psych.,  Vol.  42 
( 1956),  pp.  99  103. 

1 he  authors  investigated  the  number  of  colors  that  could  be  correctly  coded.  Subjects  were 
trained  to  associate  10,  12,  15,  and  17  colors  with  a number.  Up  to  550  trials  were  required 
for  learning.  They  found  that  up  to  15  colors  could  be  coded  with  about  95%  correct 
responses  (see  table  below). 


Number 

Correct 

of  hues 

responses. 

10 

97.5 

12 

95.6 

15 

94.8 

17 

72.4 

10.  Christ,  Richard  I . , and  Gregory  M.  Corso.  Color  Research  lor  Visual  Dis/tlavs.  Office  of  Naval 
Research,  Arlington  Va.  (ONR-CR2I3-I02-3,  July  1075.) 

Ten  experiments  were  conducted  investigating  color  codes  compared  to  achromatic  codes  of 
letters,  digits,  and  geometric  shapes.  They  measured  response  time  and  accuracy  for  choice, 
search  and  identification  tasks  using  highly  practiced  subjects.  The  authors  conclude  that, 
generally: 

( 1 ) Color  is  not  a clearly  superior  coding  technique  for  the  tasks  studied.  Geometric  shapes 
provided  comparable  performance  in  most  cases. 

(2)  Color  is  more  advantageous  when  displays  are  complex  and  require  distinguishing  targets 
from  clutter. 

(3)  I xtended  practice  on  the  tasks  reduces  the  differences  between  color  and  achromatic 
coding  methods.  (See  Table  10.1  > 


TABLE  10. 1 . Range  of  Percent  Difference  Scores  for  the  Use  of  Coloi  a 


Comparison 

achromatic 

code 

C ho  ice  reaction  task 
(response  time) 

Search/locate  task 
(response  time) 

Identification  task 
(response  tune) 

Identification  task 
(accuracy  ) 

Min. 

Max. 

Muv 

Mas 

Mm 

Mas 

Mm 

Mas 

1 etters 

■11  X 

+.16.5 

-7.8 

+27.3 

+ 5.8 

+ 27  4 

-1  7.0 

+ 2.9 

Digits 

•16.0 

+29.2 

-6.7 

+ 219 

9 7 

+ 17  4 

-15.0 

+02 

SIij  pcs 

- 6.8 

+ 16  4 

-2.8 

1 

+ 1 2.9 

-0.1 

♦ 15  7 

13.1 

+ 1 l 

a Positive  scores  indicate  a gain,  negative  scores  a loss  with  the  use  of  color. 
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Chiist,  R.  1.,  aiul  W.  li.  Tcichner.  Color  Research  lor  I isual  Displays.  New  Mexico  Slate 
l niversity.  Las  Cruces,  N.M..  July  il)7.V  (JAN AIR  Report  73073.) 

Ihe  report  reviews  the  literature  on  the  effects  of  color  on  visual  search  and  identification 
performance.  Generally:  (I)  If  a target  color  is  unique  and  known,  it  aids  search  and 
identification  performance.  (2)  Color  can  be  identified  more  accurately  than  size,  brightness, 
and  geometric  shapes,  but  not  alphanumerics.  (3)  Adding  colors  to  familiar  achromatic  displays 
decreases  accuracy.  (4)  Less  time  is  required  to  find  colors  than  all  other  achromatic  codes.  (5) 
Irrelevant  colors  increase  search  time  for  achromatic  target  features.  (6)  Knowing  the  target 
color  decreases  search  time,  particularly  with  increasing  display  density.  (7)  Search  time  may  be 
reduced  for  “natural”  representations  compared  to  achromatic  ones.  (8)  As  the  proportion  of 
non-target  colors  increases,  known-color  advantage  decreases  and  becomes  a hindrance  at  about 
0.70.  (0)  Not  knowing  the  target  color  increases  search  time.  (See  Table  11.1.) 


TABLE  11.1.  Range  of  Percent  Difference  Scores  for  the  Use  of  Color. “ 


identification  task  search  task 


UnldWnSlQ"  dj_ 

Mlnlimn 

Maximum 

nj 

Minimum 

Maxt-rum 

n 

Brlghtr.e^ 

+29 

♦ 32 

2 

+43 

+43 

1 

Size 

- 6 

*111 

6 

♦40 

♦ 40 

1 

Geoficcric  Shape 

-38 

♦ 33 

11 

♦ 6 

♦42 

5 

Other  Shapes 

0 

♦ 118 

6 

♦30 

♦63 

2 

letter* 

-29 

- 15 

6 

♦10 

♦ 7 

2 

Digits 

-48 

♦ 26 

17 

- 3 

♦42 

4 

Mult id ireni 

Size 

-10 

♦176 

7 

0 

Geometric  Shape 

-28 

+207 

15 

♦ 50 

♦53 

3 

Other  Shapes 

- 2 

♦ 62 

12 

♦41 

♦69 

6 

letters 

♦ 4 

♦ 46 

4 

0 

Digits 

-51 

♦ 19 

6 

0 

Inter ferp-  » 

Size 

-29 

0 

14 

0 

Geometric  Shape 

-42 

♦ 1 

4 

- 8 

- 8 

1 

Other  Shapes 

-43 

- 17 

4 

-10 

- 3 

2 

Digits 

Complete  Redundancy 

-14 

♦ 2 

7 

0 

Size 

*22 

♦ 60 

3 

♦32 

♦32 

1 

Brightness 

*24 

♦ 104 

2 

♦32 

♦ 32 

1 

Geometric  Shape 

0 

♦ 21 

♦32 

2 

letters 

0 

♦53 

♦63 

2 

Digits 

Partial  Redundancy 

* 2 

♦ 2 

1 

♦60 

♦74 

3 

Digits 

0 

-23 

♦73 

20 

Maps 

* t 

♦ 1 

1 

0 

Static-Ground  Photo 

*29 

♦ 29 

1 

♦32 

♦47 

1 

Static-Aerial  Photo 

* 2 

♦ 2 

1 

♦ 17 

♦ 17 

1 

Dynamic-Aerial  Film 

* 3 

♦ 3 

1 

0 

Dynamlc-Aerla 1 TV 

♦ 3 

♦ 3 

1 

- J 

- 3 

1 

a Positive  scores 

indicate  .1  gain. 

negative 

scores  ,i 

line  with 

tile  use  of 

color 

^ n number  of  studies. 
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2.  Chrisiner.  ('.  A.,  ami  11.  W.  Ray.  “An  Evaluation  of  the  l fleet  of  Selected  Combination*  of 
laigei  and  Background  Coding  on  Map-Reading  Performance  l \p  V."  Hum  iacit>r\,  Vol.  3 
( 19(i  | ).  pp.  131  1 46. 

The  authors  studied  the  relative  effectiveness  of  various  tai get-background  coding  combinations. 
Three  target  codes  were  8 colors,  S numbers,  and  8 shapes.  Five  background  codes  were: 
white,  gray,  S shades  ot  gray  for  brightness  coding.  5 colors,  and  5 patterns  (crosshatching, 
dots.  etc.).  All  were  measured  under  high  and  low  densities,  target  numbers,  and  coding  levels 
(4  or  8 colors,  numbers,  etc  ).  They  lound:  (1)  no  difference  foi  background  codes:  (2)  target 
color  codes  better  for  search  and  count,  but  number  codes  do  better  for  identification  (target 
code  interaction  with  task);  and  (3)  when  asked  to  rank  15  coding  combinations,  subjects 
preferred  color  targets.  (Table  12.1  and  12.2.) 


TABLE  12.1 . Duncan  Multiple  Range  Tests  Applied  to  Geometric 
Means  of  Response  Rates  for  Each  of  Five  Tasks. 

K.mk  Orjf* a 


1 

20  65 

2 

20  50 

3 

19  93 

4 

iy  so 

5 

19  53 

6 

17.21 

7 

16  81 

8 

16.60 

9 

16  55 

10 
16  53 

11 

16.33 

12 
16  27 

13 

16  09 

14 

15.99 

15 
14  >5 

Target 

No. 

No. 

V 

No. 

No. 

Color 

Color 

Sha|«e 

shajie 

shaj** 

Color 

shape 

Colo! 

shape 

C olor 

Background 

All  (. 

I >iff . (. 

White 

Patt 

Color 

All  (... 

I’att 

XX  bite 

Color 

All  v ■ . 

White 

Dirt  <». 

Diff.t; 

Patt. 

Color 

l.ocaU  • 

9 38 

0 36 

y IQ 

yos 

895 

7 67 

7 48 

7 30 

7.16 

7 07 

6 87 

6 82 

6 77 

6 70 

6 54 

Target 

Color 

C olor 

Col«>r 

Color 

Color 

No 

No 

No. 

No. 

No 

Shape 

Sha|M> 

Shape 

shape 

Shape 

Na>  k^Tound  Dirt  «. 

. White 

Patt. 

All  < , 

Color 

I’att. 

Pot  ». 

. v olor 

XX  hue 

All 

All  t ,. 

Tail 

White 

Pifl  i. 

Colo. 

k until 

41  68 

41  42 

30  88 

39  76 

39  08 

28  99 

28.99 

28  71 

28  52 

28  49 

28  48 

28  38 

28  oy 

28  05 

28  ot> 

Target 

Color 

Color 

Color 

Color 

Color 

c olor 

No 

No. 

Shape 

>hajie 

Shape 

N.. 

No. 

shaje 

Background  Dirt.  C 

. All  1,. 

Patt. 

White 

Color 

Diit.t;. 

Pit!  (i 

White 

White 

t ol<  *r 

XII  i. 

All  • .. 

I’aM 

Color 

Patt 

C 'mpare: 

7 54 

7 25 

7 13 

7 13 

7 10 

7 09 

7 02 

701 

6 os 

6 MO 

6 96 

6 87 

6 66 

6 58 

6 54 

Target 

t oloc 

No. 

Color 

x olor 

Snape 

No. 

Color 

No. 

\. 

color 

Shape 

No. 

Shape 

SJlJJ-e 

Sh-|e 

Hai  rs  ground 

Patt. 

XII  (. 

All  «. 

White 

Dirt  i. 

I’att. 

Dirt  t. 

Pitt  t. 

\\  lute 

color 

All  (. 

t olor 

t olor 

XX  h If 

Patt 

Verify 

20  37 

2<»  20 

20  1 3 

20  12 

2<>  08 

20  <‘6 

19  65 

I1*  64 

1 9 32 

1 ' 21 

19  06 

18  H9 

18  HO 

18 :: 

18  24 

Target 

Color 

Color 

No. 

Chains 

No 

c olor 

No. 

No. 

Color 

7 -pe 

t.  , ,r 

Shaj- 

>haj-- 

Ba<  kgreund  All  ti. 

White 

All 

I’att 

l>ift.Ci 

Pi  ft  «i 

Plff  i,. 

VX  hile 

t olor 

Ml*. 

I’att. 

\X  bite 

t olor 

I’att 

color 

\otfi 

1 1 > Number*  « onne<  ted  bv  line  are  not  Mgma<  antlv  ditiereni  at  p <■  0 05 
(2)  Xbbre  iahons 

All  (,.  All  gray 

Ibli  ».  Pifterrm  shade*  of  gr.iv 

I’atl-  Patterned 

No.  Number. 


“ I = Most  preferred.  15  least  preferred. 


TABLE  12.2  Preferences  by  Ranks  Averaged  Over  Five  Subjects  for  Fifteen  Code  Combinations. a 


Backgrott  dt 

Avtrejtf 
rank  ot  er 

1 arrets 

Mixti 

Solid 

( olor 

groyi 

fray 

U Hitt 

I'olterntd 

hat  kfircuiHi  i 

Color 

6.8 

3.5 

4 1 

3.5 

3.9 

4.36 

Number 

8.4 

9.4 

8.8 

9.8 

13.5 

Enclosed  shape 
Average  rank 

6.8 

9.6 

10.2 

1.6 

12.1 

<>.66 

over  targets 

7.33 

7.50 

7.71) 

7.i -3 

9.83 

a 1 = Most  preferred 

. 15  = 

least  preferred. 

1 aides  lopvripht  in  The  Johns  Hopkins  University  Press. 
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I T Conners.  M.  M.  "Luminance  Requirements  tor  Hue  Perception  and  Identification  for  a Range  of 
I xposure  Durations,"  Opt.  Site.  Amer.,  J , Vol.  60  (1970).  p 958. 

Conners  investigated  small  and  large  targets  (2.5  and  64.5  nun.  of  arc),  stimuli  exposure  time 
(5  1415  msec),  and  short  to  long  wavelength  light  effects  on  luminances  required  for  several 
thresholds  (eg.,  hue  perception  and  identification).  The  longer  the  exposure  time,  the  lower  the 
luminance  needed.  Also,  larger  targets  take  less  time  to  detect  than  small  targets.  Longer 
wavelengths  are  seen  at  lower  luminances. 

14.  Connolly,  D.  W„  (J.  Spanier.  and  F.  Champion.  Color  Display  evaluation  Jor  Air  Traffic 
Control  U.S.  Department  of  Transportation,  Federal  Aviation  Administration,  Washington,  D C.. 
FA  A,  Ma>  1975.  (Report  No.  FAA-RD- 75-39.) 

lire  authors  assessed  the  utility  ot  color  penetration-type  CRT  displays  in  air  traffic  control 
applications.  1 lies  found  that  (I)  tour  colors  could  he  identified  with  97  99%  accuracy;  (2) 
where  overlapping  symbols  were  involved,  color  was  three  times  more  effective  than 
monochrome;  (3)  color  did  not  improve  performance  for  altitude  or  future  route  predictions  for 
separation  rule  violations.  They  note  that  considerable  color  CRT  development  is  needed  before 
it  approaches  the  linearity,  hngntness,  resolution,  and  tube  life  performance  of  available 
monochrome  CRTs. 


I + < A 

74-54-4 


FIGURE  14.1.  Symbols  Used  To  Present  Color 
Signals,  Experiment  I (light  Times  Actual 
Size). 
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TABLE  14.1.  Errors  of  Color  Identification. 


Shown  Called 


Red 

Orange 

Yellow 

Green 

Total 

Percent 

Red 

X 

21 

0 

0 

21 

2.9 

Orange 

9 

X 

10 

0 

19 

2.6 

Yellow 

0 

6 

X 

15 

21 

2.9 

Green 

0 

0 

6 

X 

6 

0-8 

Grand 

1 Total  • 

67 

2.3 

Note:  Each  color  was  presented  720  times,  24  times  for  each  of  30  observers. 


15.  Conover,  D.  W.  aiul  J.  Kiatt.  I'he  l se  of  Color  in  Coding  Displays.  Wright  Air  Development 
Center.  Wright  Patterson  Air  Force  Base.  Ohio.  WADC  1 5 8 . 

The  authors  investigated  surface  hues  (Munselll  to  determine  the  number  of  absolute!) 
identifiable  hues  ..nd  an  equal-discriminability  scale  of  hues.  They  found  that,  while  up  to  lb 
hues  could  be  discriminated  by  some  subjects,  no  more  than  eight  are  recommended  tor  applied 
purposes.  Black,  white,  and  gra>  may  he  added  if  contrast  permits.  The  authors  go  on  to 
estimate  that  no  more  than  four  colors  need  be  used  for  coding  on  television  I able  15.1  shows 
the  recommended  sets  tor  codes  of  8.  7.  b.  and  5 colors. 


TABLE  15.1.  Munsell  Designations  for  the  Recommended  Color 
Symbol  Sets— A,  B,  C,  D. 
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16  Cook.  Thomas  C Color  Coding  A Review  of  the  Literature.  U S.  Army  Human  Engineering 
Laboratory.  Aberdeen  Proving  Ground.  Md..  HLl..  November  1974.  (Tech  Note  9 74.) 

The  author  reviewed  the  color  coding  literature  tor  visual  displays  and  suggests  that  (1)  No 
more  than  nine  surface  hues  five  for  CRTs  be  used,  and  the  angular  subtense  should  exceed 
20  min.  of  arc.  (2)  Can  be  increased  to  30  with  two  purities  (30  and  70%)  and  three 
luminance  levels  (1,  10.  and  100  111  ).  (3)  Six  common  colors  are  recommended:  purple,  blue, 
green,  yellow,  orange,  and  red  (see  Table  16.1).  (4)  Three  codes  (hue,  brightness,  and  size)  are 
better  than  two  and  two  are  belter  than  one.  (5)  Numerics  are  better  for  identification  and 
color  is  better  lor  search  and  attention-gaining.  Cook  concludes  that  multicolor  displays  are 
advantageous  in  terms  ot  t'astei  response  times  or  fewer  errors  or  both;  and  that  "validation 
studies"  using  actual  color  CRTs  should  be  conducted  as  soon  as  possible. 


TABLE  16.1.  Recommended  Chromatic  Colors. 


Color 

name 

M unsell 
notation 

— 

Oiromaticit) 

coordinates 

Dominant 

wavelength 

nonomcters 

1 edcral  Spec. 
595  equivalent 
(paint  chips) 

Purple 

10  RP 4/19 

X - .2884 
Y - 2213 

430 

27144 

Blue 

2.5  PB4/10 

X-  1922 
Y - .1673 

476 

15123 

Green 

5.0  G 5/8 

X - 0389 
Y - 8120 

515 

14  260 

Yellow 

5 0 Y 8/12 

X - .5070 
Y - .46  1 3 

582 

13538 

Orange 

2.5  YR  6/14 

X - .6018 
V - .3860 

6 10 

12246 

Red 

5 0 R 4/14 

X - .6414 
Y - .3151 

642 

1 1 105 

17.  Cornsweet.  Tom  N.  \isua!  Perception  New  York,  Academic  Press,  1970. 

Cornsweet's  book  is  aimed  at  developing  an  understanding  of  visual  perception.  He  emphasizes 
the  perception  of  color  and  brightness  from  both  a physiological  and  psychophysical  approach 
A well-written,  tutorial  book  for  understanding  color  vision. 
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18.  I Ills,  B.,  G.  J Burrell,  J.  H.  Wharf,  and  D.  1 Hawkins.  The  Formal  and  Color  of  Small  Matrix 
Displays  tor  Use  in  High  Ambient  Illumination.  1‘rocurement  Executive.  Ministry  of  Defence. 
Earnhorough,  Hants,  England  (Royal  Aircraft  Establishment  Technical  Report  7504S,  IV 75.) 

Red  and  green  alphanumeric  matrices  subtending  0.3°  were  seen  under  high  ambient 
illumination  to  determine  the  effect  on  error  rates.  Two  founts  of  72  and  144  nits  (21  and  42 
ft  Li.  simulating  LED  displays  and  placed  in  the  black  portion  of  a halt  black-halt  white 
background,  were  to  be  identified  under  an  illuminance  approaching  105  lux  (9,250  ftL).  It  was 
found  that  people  were  more  accurate  with  red  than  with  green  characters  94.2  vs.  84.1'L 
correct.  Performance  was  also  better  with  the  dimmer,  contiguous  tount  than  with  the  brighter 
hui  more  widely  separated  (dot-space  ratio)  fount.  It  was  also  noted  that  females  had  tewer 
errors  than  did  males  (see  Tables  1H.I  and  18.2). 


TABLE  18.1.  Error  Rates  for  Red  and  Green  Displays. 


Normal  vision 
E-R  (%)  0-R  (%) 

All  subjects 
E-R  (%)  0-R  (7) 

Red 

5.8  ).) 

8. t 2.1 

Green 

15.9  5.6 

22.7  10.4 

68  subjects 

125  subjects 

average  age  31.5  years 

average  age  34.6  years 

E-R  total  error  rate 

(mistakes  and  omissions) 
0-R  omission  rate 


TABLE  18.2.  Relative  Performance  of  Males  and  Females. 


Ma  les 
E-R  0-R 

Females 
E-R  0-R 

Format  test 

Size  1 

12.8  2.8 

5.3  1.3 

Size  4 

r-. 

oo 

3.8  0.6 

Colour  test 

Red 

6.3  1.2 

3.6  0.6 

Green 

17.8  6.6 

7.9  l-S 

55  males.  Average  age  33.!  years 
13  females.  Average  age  24.5  years 
E-R  total  error  rate 

(mistakes  and  omissions,  7.) 

0-R  omission  rate  (%) 
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19.  I.rtcksen,  C.  W.  Multidimensional  Stimulus  Differences  and  Accuracy  of  Discrimination.  Wright 
Air  Development  (enter,  Wright-Pat terson  Ait  Force  Base,  Ohio,  WADC,  1954  (WADC  TK 
54-165.) 

St/e,  hue.  ami  bright  ness  were  investigated  singly  and  in  compounds  to  determine  the  effect  of 
single  and  multidimensional  stimuli  upon  the  accuracy  of  absolute  discriminability.  Erieksen 
found  that,  when  si/e,  hue,  and  brightness  were  compounded  as  a tridimensional  cue,  the 
number  of  correct  judgments  was  about  double  the  number  obtained  when  they  were  presented 
singly.  (See  Table  19.1.) 


TABLE  19.1.  Discrimination  Accuracy  for  the  Three  Single  and  the 
Four  Multidimensional  Stimulus  Series. 


Stimulus  Seri.ec 

V 

Number  of  Stimuli 
Absolutely 
Discrittinablc 

Average  Percent 
Correct  Judgments 

Observed 

Predicted 

Size 

2.84 

7.19 

47.5 

Hue 

3.08 

8.45 

53.4 

Brightness 

2.34 

5.06 

41.3 

Size-Hue 

3.55 

11.90 

76.2 

72.6 

Size-Brightness 

2.98 

7.89 

59.8 

59.5 

Hue-Br .ghtness 

3.76 

13.55 

84.2 

Slze-Hue-Brightness 

4.11 

17.28 

96.5 

90.7 

* liased  upon  error  term  tor  the  analysis  of  variance,  differences  of  .38  and  .52  in  lg  are  signiticant 
at  the  .05  and  the  01  level,  respectively,  lg  Information  transmitted  in  bits. 
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The  authors  investigated  target  acquisition  on  color  and  black-and-white  TV  using  a terrain 
model  and  target  silhouettes  (buildings).  They  found  that  color  did  noi  generally  improve 
detection  or  recognition  lange  although  some  area  \ mode  interactions  were  significant . (See 
Table  20.1.) 


I K. URL.  20.1.  Detection  Performance  as  a Function  of  Mode  for  Each  Area 
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Green.  B.  F and  bus  k.  Anderson.  “Color  Coding  in  a Visual  Seaich  Task."  Lxp.  Psychol. . 
Vol.  51  (l'>56).  PP-  l'F  24. 

Tlie  authors  used  red  and  gieen  two-digit  numbers  in  a search  task  under  three  conditions:  Set 
varied  the  prop,  tion  of  red  to  green  numbers  from  0 to  60  and  S was  told  the  number  and 
color;  non-set  used  the  same  conditions  except  S was  not  told  the  color;  control  used  10  to  60 
numbers,  all  either  red  or  green.  They  found  that  (1)  when  one  color  dominates  (non-set) 
search  times  slightly  decrease.  (2)  search  time  is  approximately  proportional  to  density 
(control),  and  (5)  the  presence  of  wrong  color-coded  symbols  increases  search  times  over  single 
color  codes  (set  vs.  control).  A second  experiment  was  similar,  but  yellow  and  blue  numbers 
were  added  with  densities  of  15,  50.  45.  or  60  numbers  of  a single  color  for  control.  Set  used 
2.  5.  or  4 colors  of  I 5 numbers  each.  Non-set  was  the  same  as  set  except  was  not  told  the 
color.  They  found  that  search  time  is  less  when  numbers  were  blocked  by  color  codes  (set) 
than  when  all  one  color  (control)  or  when  S svas  not  told  color  (non-set).  When  the  color  is 
known,  it  helps  performance,  but  when  it  is  not.  adding  color  only  hinders  search  time,  (See 
Figures  21 .1  and  21 .2.) 


Copyright  ll/56  In  the  American  Psychological  Association. 
Reprinted  by  permission. 


FIGURE  21.1.  Average  Search  Time 
for  Colored  Numbers  in  Exp.  I.  Each 
point  represents  the  geometric  mean 
of  SO  measurements.  All  non-set  and 
set  displays  had  60  symbols;  control 
displays  had  from  10  to  60  symbols, 
all  of  fhe  same  color. 


FIGURE  21.2.  Average  Search  Times 
for  Colored  Numbers  in  Exp.  11.  Each 
point  represents  the  geometric  mean 
of  240  measurements.  Non-set  and  set 
displays  had  15  symbols  each  of  two, 
three,  or  four  colors;  all  symbols  on 
control  displays  had  the  same  color. 
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— Haines,  R I .,  I.  Markham  Dawson,  lerye  Galvan,  and  Lorrie  M.  Reid.  Response  Time  to 
( 'loral  Stimuli  in  the  l ull  I isnul  Held.  National  Aeronautics  and  Space  Administration,  1974 
(NASA  TN  D-7927). 

Reaction  time  (RT)  was  measured  to  round  (45  ) colored  (blue,  yellow,  green,  red.  and  white) 
st itnulii  throughout  the  visual  field.  Red  was  seen  at  less  than  half  the  intensities  of  the  other 
colors.  They  found  that,  out  to  10°  from  the  fovea,  color  naming  performance  was  good  for 
all  colors.  Performance  deteriorated  from  10°  to  50°  and  dropped  to  chance  levels  beyond  50°. 
Reaction  time  was  fairly  constant  out  to  30n.  with  white  providing  the  fastest,  then  yellow, 
red,  green,  and  blue,  the  slowest  RT  (276,  288.  322.  323,  and  341  msec).  (See  Figures  22.1 
and  22.2;  also  Table  22.1.) 


white 


I IGl  RF  22.1.  Retinal  Iso-RI  Zones  for  White. 
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FIGURE  22.2.  Percentage  of  the  Binocular 
Visual  Field  Represented  by  the  Iso-RT  Zones 
Presented  in  Figure  22.1  for  Each  Color. 


TABLE  22.1.  Summary  of  RT  Data  for 
0 = 0"  Stimulus  Position  for  Each 
Subject  and  Meridians.*7 


Stimulus  colt 

Blue 

Yellow 

Green 

Red 

White 

Mm  RT 

331 

279 

301 

313 

269 

Max  KT 

353 

301 

343 

330 

286 

Ranpe 

2} 

22 

42 

17 

17 

Mean  RT 

341 

288 

323 

322 

276 

Mean  N D 

'6  2 

43 

S6  5 

52  3 

39  2 

S t) , Riofc7* 

3.57 

1 96 

3 07 

2 30 

*A1I  value*  in  mtfe  except  at  noted 
^DMiwnsionkta  value 


Mean  Response  Time  Seconds 
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23.  llilgendorf,  A.  L , and  John  Milenski.  effects  oj  Color  and  Brightness  Contrast  on  Target 
•l<  -limit ion.  Sl'iK  I ' ! / I’roiect  1.41.  Aerospace  Medical  Research  Laboratory.  Wright-Patterson 
\l  B.  Ohio,  AMRL,  July  ll>74.  ( AMRL-TR-74-55.) 

T a i get  color  and  brightness  contrast  effects  on  direct  vision  detection  of  model  tanks  were 
investigated.  They  found  that  gray  targets  were  easier  to  detect  than  green  or  brown  ones  and  that 
negative  contrast  targets  are  harder  to  detect  than  positive  ones  (light  on  dark  background).  (See 
figure  23  1.) 


FIGURE  23.1.  Unadjusted  Color.  Contrast  Cell  Mean  Detection  Response  Times. 
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24.  Hitt,  W.  D.  "An  Evaluation  of  Five  Different  Abstract  Coding  Methods,”  Exp  IV,  Num. 
Factors , Vol.  3 (1961),  pp.  120  130. 

Hitt  investigated  the  relative  effectiveness  of  five  coding  methods  (numbers,  letters,  geometric 
shapes,  colors,  and  configuration  i.e.,  small  square  placement  in  relation  to  large  square)  on  five 
tasks  (identification,  location,  count,  compare,  and  verity)  while  varying  target  density  (40,  80, 
and  120  per  display)  and  code  levels  2,  4,  or  8|  lie  found  tlrat  (I)  identification  and  search 
are  different  tasks;  (2)  numbers  were  better  for  identifying,  while  color  was  better  (i.e„  correct 
responses  per  minute)  tor  locating,  and  no  significant  difference  between  the  two  were  found 
tor  the  remaining  tasks;  and  (3)  performance  decreased  with  more  code  levels  and  greater 
densities.  (See  Tables  24.1  through  24.3.) 


TABLE  24.1.  The  Effect  of  Coding  Methods  on  Operator  Tasks. 


Puink  order  of  code  categories 


Tasks 

Identify 

First 

Numeral 

13.64 

rttond 

Letter 

13.02 

T-W 

Shape 

12.53 

/ mirth 

Color 

12.34 

Fifth 

Configuration 

11.77 

Locate 

Color 

8.46 

Numeral 

7.42 

Letter 

7.25 

Shape 

6.94 

Configuration 

4.03 

Count 

Numeral 

12.60 

Color 

12.22 

Shape 

11.49 

Letter 

11.11 

Configuration 

7.07 

Compare 

Numeral 

6.85 

Color 

6.72 

Shape 

6.56 

Letter 

6.33 

Configuration 

4.76 

Verify 

Numeral 

10.01 

Color 

9.95 

Shape 

9.50 

Letter 

9.05 

Configuration 

6.60 

Note: 

(1)  Score*  reported  in  forms  of  mean  correct  response  per  minute. 

(2)  Code  categories  connected  by  line  arc  not  significantly  different  at  />  < 0.05. 


TABLE  24.2.  Effect  of  Number  of  Code 
Levels  on  Operator  Performance. 


Number  of 
code  levels 

a\ff.jn  number  of  correct 
responses  per  minute 

2 

10.31 

4 

8.76 

8 

8.34 

TABLE  24.3  Effect  of  Target  Density  on 
Operator  Performance 


Target  dens  it  y 

{Number  of  symbols  per  display) 

A lean  number  of  correct 
responses  per  minute 

40 

11.36 

80 

8.45 

120  | 

7.60 

tattles  copyright  by  1 he  infills  Hopkins  I'niversity  Press. 
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Jameson.  Dorothea,  and  1 . M.  Hurvich.  “Perceived  Color  and  Its  Dependence  on  Focal. 
Sui rounding,  and  Preceding  Stimulus  Variables,"  Opt  Soc.  Amer..  ./..  Vol.  49  (1959),  pp. 
890  898 

The  authors  mathematically  postulate  that  color  perception  can  be  more  accurately  defined  by 
including  surround  and  preceding  stimulus  variables  in  addition  to  the  conventional  hue. 
saturation,  and  brightness  considerations.  They  then,  experimentally,  varied  target  and 
background  color  and  target  si/e.  keeping  surround  si/c  (57°  I constant.  Subjects  perceived 
taiget  colors,  in  the  region  of  the  background  color,  to  be  less  saturated  than  they  were. 
Changes  in  surround  luminance  resulted  in  changes  in  perceived  hue  and  brightness. 

1 at  get-background  hues  ot  the  same  color  tend  to  desalinate  the  target  or  change  it  to 
sui  round  complement.  (See  Figure  25.1.) 


FIGURE  25.1.  Brightness  Scales.  Test 
stimuli:  650  mg.  Chromaticity  coordinates 
of  surround  stimulus:  x = 0.71,  y = 0.29. 
Circles  with  vertical  bars:  surround 

luminance  = 3 ml..  Triangles:  surround 
luminance  = 30  mL.  See  text. 


Jeffrey,  T.  F...  and  F.  J.  Beck.  Intelligence  Information  from  Total  Optical  Color  Imagery.  U.S. 
\imy  Behavior  and  Systems  Research  Laboratory.  Arlington.  Va..  November  1972.  (Research 
Memorandum  724.) 

This  study  compared  image  interpreter  performance  using  three  types  ot  35-utm  slides 
conventional  black-and-white.  Ektachrome  color,  and  black-and-white  slides  viewed  through  a 
special  viewer  (total  optical  color)  which  provided  color  imagery  of  the  achromatic  slide.  They 
found  that  subjects  could  extract  the  required  information  faster  with  both  color  conditions 
(89.2  sec.  Ektachrome;  87.2  sec.  TOC  viewer)  than  with  the  achromatic  condition  (106  4 sec) 
The  time  was  significant  for  color  vs.  achromatic. 
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27.  Jones,  M.  R.  “Color  Coding."  Hum.  I actors,  Vol.  4 (1962),  pp.  355  365. 

Jones  conducted  a literature  search  on  color-coding  covering  1941  to  1961.  The  author  found 
that  color  works  well  as  an  attention-getting  code  with  search  tasks  and  that  luminous 
color-coding  (i.e.,  CRT)  studies  with  complex  displays  are  needed.  A rather  wordy  review,  bui 
provides  a good  reference  source  for  color-coding  work. 

2b  Kanarick,  Arnold  F„  and  Ronald  C.  Petersen.  "Redundant  Color  Coding  and  Keeping-Track 
Performance.”  Hum.  Factors , Vol.  13  (1971).  pp.  183  1S8 

The  authors  investigated  redundant  vs.  numbers  or  colors  in  a keeping-track  task.  They  tound 
that  the  redundant  coding  did  not  aid  performance.  The  best  performance  was  found  to  be 
associated  with  the  high-value  channels  (the  Ss  were  told  certain  channels  were  worth  more 
than  others)  regardless  of  coding  conditions.  (See  f igure  28.1.) 


N - NUMBER 


n 

i I 


HIGH  VALUE 
(4)  CHANNELS 

LOW  VALUE 
(1)  CHANNELS 

PERFORMANCE 
WITH  EQUAL  VALUE 
(1:1)  CHANNELS 


-Copyright  by  1 he  Johns  Hopkins  University  Press. 

FIGURI  28.1.  Percent  Correct  Responses  as  a Function  of  Homogeneous 
Coding  Groups  for  the  Channel  Value  Conditions. 
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Kennedy,  M.  L.,  J.  A.  Schmacker,  L.  F.  Hanes,  and  M.  L.  Ritchie.  Technology  for  Information 
Presentation.  Part  IV.  Color  Coding  U.S.  Air  Force,  1963.  (USAF  ASD  Tech.  Report  No 
63-000.) 

lhese  authors  present  their  information  on  color  coding  (as  of  1963)  in  four  sections:  (1)  A 
literature  review  ol  experimental  and  design  literature  applicable  specifically  to  aircraft  cockpit 
uses.  (2)  The  use  of  color  in  existing  cockpits  and  developmental  efforts  involving  color-coded 
displays.  (3)  A guide  tor  the  selection  ot  ait  appropriate  code  and,  given  that  color  coding  is 
chosen,  color-coding  criteria  are  presented.  (4)  The  uses  of  color  in  three  display  concepts  are 
discussed  and  evaluated.  Their  final  proposal  is  that  color  be  used  in  a “scan-lighting”  scheme 
whereby  conventional  instrument  display  arrangements  be  augmented  by  be/el  or  backlighting  in 
color  specific  displays  associated  with  a particular  phase  of  a mission.  (See  Figures  29.1  and 
29.2.) 


60  DEG  GREENflED 


HORIZONTALLY 


FIGURE  29.1.  Horizontal  Angular  Color  Limits  (After 
Lopatin,  et  al). 
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30.  Lit,  A..  R.  II.  Young,  and  M.  Shaffer.  "Simple  Reaction  Time  as  a Function  of  Luminance  for 
Various  Wave  Lengths.”  Perception  and  Psychophysics,  Vol.  10  (1971 1,  pp  397  399 

The  authors  measured  reaction  time  to  white,  red.  yellow,  green,  and  blue  light  over  a wide 
range  of  retinal  illuminances.  The>  found  that  reaction  time  ;or  all  colors  (and  while) 
systematically  deteriorates  with  decreasing  illumination  through  the  photopic  range  However  at 
the  transition  point  Irom  photopic  to  scotopic  vision  (about  *1.0  log  td).  the  shorter  wavelength 
lights  are  displayed  laterally  with  lesser  illurninace.  This  suggests  that  rods  are  more  sensitive  to 
the  shorter  wavelengths  ol  light,  while  cones  sense  little  distinction  in  stimulus  wavelength.  (See 
Figure  30.1  .) 
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FIGURI  30.1.  Average  Median  Reaction  Time 
(Milliseconds)  on  a Log  Scale  Plotted  as  a Function  of 
Retinal  Illuminance  of  the  White  Light  (log  td)  for 
Subject  (ML 
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Markoff,  J.  I.  Turf’d  Recognition  Performance  With  Chromatit  and  Achromatic  Displays. 
Honeywell.  Inc.  SRM-148,  January  1972. 

Resolution,  target  si/e.  ambient  illumination,  and  chroma  were  investigated  to  determine  their 
effects  upon  target  recognition  performance.  Ambient  illumination  had  no  effect  on 
performance.  Color  targets  were  recognized  faster  with  fewer  errors  than  were  black-and-white 
counterparts.  Resolution  degraded  performance  with  the  black  and-wlute  photographs  more  than 
it  did  with  the  color  ones,  especially  at  the  lower  resolution  levels  The  soldier  was  easier  to 
recognize  than  either  tanks  or  jeeps.  The  soldier  was  easier  to  recognize  than  either  tanks  or 
jeeps.  The  larger  the  targets,  the  easier  to  recognize.  The  major  finding  was  that,  with 
luminance  contrast  held  constant,  color  photographs  provided  faster  response  times  with  fewer 
errors  than  did  black-and-white  photos  of  the  same  scene.  (See  Table  31.1.) 


TABLE  31.1.  Scheffe  Test  on  Correct  Response  Time. 


Factor  B - Image  Chroma 
Degrees  of  Freedom  * 1,  1008 

Factor  D - Target  Type 
Degrees  of  Freedom  = 1,  1008 

Means' 

Means 

B-W 

Color 

Tank 

Jeep 

Soldier 

5.  95 

3.  37 

4.49 

5.  12 

4.  07 

Levels 

F-Ratio 

Levels 

F-Ratio 

1 vs  2 

108. 745** 

1 vs  2 

1 vs  3 

2 vs  3 

1.  179 
5.  649** 
11.  990** 

Factor  C - Resolution 
Degrees  of  Freedom  = 1,  1008 

Means 

Factor  E - Target  Size 
Degrees  of  Freedom  = 1,  1008 

R 1 

R2 

R3 

R4 

1.  93 

4.43 

6.  03 

6.24 

Means 

Small 

Medium 

Large 

Leyels 

F -Ratio 

6.  25 

4.  92 

2.  80 

1 vs  2 
1 vs  3 

1 vs  4 

2 vs  3 

2 vs  4 

3 vs  4 

51.  385** 
138.  150** 
152.  233** 
21.  026** 
26. 728** 
0.  342 

Levels 

F-Ratio 

1 vs  2 

1 vs  3 

2 vs  3 

19. 408** 
130.  651 
49.  348** 

**p  < 0.01. 

dRl  was  the  resolution  level  when  the  Image  was  In  sharp  focus.  The 
remaining  levels  were  defocused  0.1,  0.15,  and  0.20  Inches  (R2,  R3, 
and  R4 , respectively).  The  study  provides  the  resulting  MTF  curves 
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32.  McLean,  M V.  “Brightness  Contrast,  Color  Contrast  and  Legibility,”  Hum.  honors,  Vol.  7 
( 1965 ).  pp.  52  I 526. 

McLean  investigated  the  effects  of  adding  color  contrast  to  brightness  contrast,  positive  and 
negative  contrast,  and  several  luminance  contrast  values  (15,  20,  25.  33,  41.  49  percent)  on  a 
speed-of-reading-dial  task  with  pilots  and  non-pilots,  lie  found:  (I)  adding  color  contrast 
provided  taster  reading  time  than  did  achromatic  contrast  alone  (0.69  versus  0.71  sec);  (2)  15% 
contrast  produced  slower  speeds  than  did  the  other  values;  and  (3)  color  is  better  for  positive 
(light  on  dark)  contrast  with  the  reverse  true  for  luminance  contrast  (daik  on  light  better)  (See 
Figures  32.1  and  32.2.) 


--Copyright  by  the  Johns  Hopkins  University  Press 


FIGURE  32.1.  The  Effects  of  the 
Interaction  Between  Color  and 
Brightness  Contrast  With  Direction  of 
Contrast  on  Reading  Time. 


FIGURE  32.2.  The  Effects  of  Low  to 
High  Contrast  Value  on  Reading  Time. 
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33.  Meister.  D.,  and  D.  J.  Sullivan.  Guulc  to  Human  Engineering  Design  for  Visual  Displays. 
Bunker-Ramo  Corporation.  Canoga  Park.  Calif.,  August  1969. 

A design  guide  for  visual  displays,  this  document  contains  excellent  sections  on  TV  and 
color-coding  considerations.  The  salient  research  up  to  1969  is  presented  in  easily  understood 
graphs  which  provide  the  designer  with  the  best  available  human  factors  data.  Longer 
wavelength  colors  are  more  accurately  read  than  shorter  ones.  (See  figure  33.1.) 


FIGURf  33.1.  Subject  Performance  in 
Reading  Color-Coded  Alphanumeric^  as  a 
Function  of  Si/e  and  Color. 
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54.  Muller,  P.  F.,  Jr.,  R.  C.  Sidorsky,  A.  J.  Slivmske,  and  P.  M.  Fitts.  The  Symbolic  Coding  of 
Injormation  on  Cathode  Kay  Tubes  and  Similar  Displays.  Wright  Air  Development  Center, 
Wright-Patterson  Air  Force  Base.  Ohio,  WADC.  1955.  (USAF  WADC  Tech.  Rep.  55-575.) 

Eleven  experiments  were  conducted  which  deal  with  four  basic  codes  (inclination,  ellipse  ratio, 
blip  diameter,  and  color).  The  report  contains  one  section  dealing  with  recommendations  for 
design  engineers  and  a second  section  describing  the  experiments.  Two  of  the  experiments  dealt 
with  color  compared  to  inclination  coding  While  the  authors  found  inclination  coding  to  be  the 
most  promising  of  the  tour  codes  investigated,  performance  with  color  was  as  good  and.  in 
some  cases  better,  than  inclination  coding  in  the  two  experiments  reported.  (See  Figure  54.1.) 


FIGURE  54.1.  Information  Processing  Time  as  a 
Function  of  Number  of  Targets  Displayed  for  the 
Inclination  and  Color  Codes  of  Exp.  IX.  Each  target 
was  one  of  12  symbols  and  the  task  was  to  report  as 
conflicts  any  two  or  more  targets  that  were  similarly 
coded. 
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35.  Newman,  K.  M.,  and  A.  K.  Davis.  Multidimensional  Nonredundant  /mending  o]  u Visual 
Symbolic  Display  U.S.  Navy  Electronics  Laboratory  Center.  San  Diego,  Calif.,  NELC,  July 
1961.  (NELC/Report  1048.) 

Geometric  symbols,  alone  and  in  one  or  more  combinations  with  brightness  (bright  and  dim), 
flashing  rates  (steady.  2/4  per  sec),  and  colors  (white,  red,  green,  and  yellow),  were  evaluated  in 
terms  ot  response  time  and  errors.  The  tasks  were  to:  (1)  match  a stimulus  signal  with  one  of 
36  possible  alternatives;  (2)  call  out  the  ..ynibol  meaning;  (3)  detect  stimulus  from  among  18 
overlapping  pairs;  and  (4)  call  out  meaning  (decode).  The  results  show  that  a symbol  in 
combination  with  two  or  three  colors  provided  the  fastest  response  times,  while  combinations 
involving  all  levels  provided  the  slowest  response  times,  with  multiple  Hashing  rates  degrading 
performance  more  than  other  coding  methods.  Similar  results  were  found  for  error  rates.  Color 
coding  provided  the  fastest  response  times  and  the  fewest  errors  compared  to  the  other  codes. 


36.  Payne,  M.  C.,  Jr.  "Color  as  an  Independent  Variable  in  Perceptual  Research,"  Psychol.  Bull , 
Vol.  61  (1964).  pp.  199  208. 

Payne  reviewed  the  literature  concerned  with  the  effect  of  color  on  perceived  distance,  size, 
weight,  temperature,  and  visual  acuity.  Me  suggests  that  luminance  is  the  major  cue  for  distance, 
size,  and  weight,  since  brighter  objects  appear  larger,  nearer,  and  lighter  titan  darker  objects, 
regardless  of  hue.  Hue  is  more  important  for  apparent  temperature  (green  and  blue  coolest,  white 
intermediate,  yellow  and  amber  wannest),  l or  static  visual  acuity,  longer  wavelengths  are  better 
than  shorter  wavelengths  under  colored  illumination.  Colored  targets  on  dark  backgrounds  are 
better  than  corresponding  achromatic  targets.  Colors  of  500  600  nm  are  better  titan  extremes. 
Yellow  on  a dark  background  is  especially  good. 
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37.  Promisel,  D.  M.  "Visual  Target  Location  as  a Function  of  Number  ami  Kind  of  Competing 
Signals.”  J AppL  Psych..  Vol.  45  (1961).  pp.  420  427. 

Promisel  discusses  the  meaning  of  redundant,  nonredundant,  and  partially  redundant  coding 
methods  introductory  to  a study  of  the  effects  of  multicoded  signals  (hue  and  geometric  shape) 
on  40  total-target  to  nontarget  signals  (0.2.4.O.8).  competing  signals  (0,8,16,24,32  signals 
identical  in  one  dimension,  hut  not  both),  competition  distribution  (half  hue.  half  shape,  or  all 
hue),  and  five  multicode  values  (red  circle,  blue  square,  etc.)  measured  as  a function  of  time 
and  errors.  He  found  that:  (I)  Red  circles  were  found  fastest  with  fewest  errors.  (2)  Search 
time  increased  almost  linearly  with  increasing  number  of  targets  (as  do  errors)  and  with 
increasing  number  of  competing  signals.  (3)  He  argues  rather  circuitously  and 
unconvincingly-that  hue  has  a greater  effect  on  variations  in  search  time  than  does  shape.  (4) 
Multicodes  provided  slightly  better  times  than  a partially  redundant  coding  method.  (See  Figure 
37.1  and  37.2.) 
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FIGURE  37.1.  Time  To  Locate 
Different  Hue-Shape  Combinations, 
Averaged  Over  All  Experimental 
Conditions. 


NUM3ER  OF  TARGETS 

y the  American  Psychological 
y permission. 

FIGl  RF  37.2  Average  Time  To  Locate 
All  the  Target  Signals  as  a Function  of 
the  Number  of  Target  Signals.  (Each 
point  is  the  average  for  all  other 
experimental  conditions.) 


38.  Reynolds.  II.  N.  “The  Visual  Effects  of  Exposure  to  Electroluminescent  Instrument  Lighting,” 
Hum.  Factors,  V'ol.  13  (1971),  pp.  29  40. 

Reynolds  describes  two  studies  on  the  effects  of  electroluminescent  (EL)  white  and  green 
cockpit  instrument  panel  lighting  compared  with  incandescent  red  (aviation  red)  on  scotopic 
absolute  and  acuity  thresholds,  and  EL  white,  green,  and  yellow  with  aviation  red  light  for 
transilluminated  letter  legibility.  He  found  that  (1)  Absolute  and  acuity  thresholds  were  better 
after  exposure  to  red  light  than  to  white  or  green  light.  Green  lighting  raised  acuity  threshold 
more  than  other  colors  and  is  estimated  to  take  about  3 minutes  for  readaptation  compared  to 
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I minute  tor  red  light.  (2)  There  was  no  effect  of  light  color  on  better  legibility  except  for  the 
largest  letter  size  (48.3  min)  where  slightly  more  luminance  was  required  to  differentiate 
red-lighted  letters.  Generally,  smaller  letters  required  greater  luminance  for  reading.  (See  Table 
28.1  and  f igure  38.1.) 


TABLE  38.1.  Scotopic  Acuity  Thresholds  Following 
Exposure  to  Three  Colors  of  Instrument 
Lighting  at  0.05  f t L. 

Scotopic  Acuity  Threshold 
Ft.  I X hr*  Increase  in  Threshold 


Condition 

Log  ft. -1. 

Mean 

>-• 

Log  ft  l 

% 

Dark  Adapted 

4 5960 

3.95 

2.66 

Red  Incandescent 

4 6690 

4 67 

2.2S 

+0  0730 

18.2 

White  Electroluminescent 

4.6654 

7.34 

4.15 

+0  2694 

85.8 

Green  Electroluminescent 

3.0047 

10.11 

5.94 

+0.4087 

155  9 

RED  INCANDESCENT  

WHITE  ELECTROLUMINESCENT  

GREEN  ELECTROLUMINESCENT 


)f\  YELLOW  ELECTROLUMINESCENT 

h 
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HEIGHT  OF  LETTERS  IN  “INUTES  OF  VISUAL  ANGLE 
(HEIGHT  IN  mm;  1.0.  l.S.  2.0,  2.5.  5.0.  10.0) 

FIGURE  38.1.  Mean  Luminances  Required  for 
Legibility  of  Letters  With  Four  Colors  ot  Lighting. 
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39. 


Reynolds,  R.  E.,  R.  M.  While,  Jr.,  and  R.  L.  Hilgendorf.  “Detection  and  Recognition  of 
Colored  Signal  Lights,"  Hum.  Factors,  Vol.  14  (1972),  pp.  227  236. 


Two  experiments  were  conducted  to  investigate  the  conspicuousness  of  red.  green,  yellow,  and 
white  lights  seen  against  copper,  tan,  blue,  and  green  backgrounds  measured  by  detection  speed 
and  identification  accuracy  under  high  and  low  ambient  illumination  with  male  and  female  Ss. 
(High  and  low  illumination  were  defined  in  terms  of  reflected  luminance  from  the  four 
backgrounds,  which  were  green  27,  blue  6,  tan  3,  and  copper  I candela  per  square  meter  for 
the  bright  condition  and  all  less  than  0.3  cd/m-  for  tire  dim  one.  A cd/m-  or  nit  is 
equivalent  to  0.292  ftl..)  Thus,  background  luminance  varied  from  7.9  to  0.29  ftL  They  found 
that  red.  then  green,  yellow,  and  white,  in  that  order  provided  the  best  response  times.  The 
fewest  errors  were  with  green  signals  (4.2%)  while  yellow  provided  the  most  (43.8%). 
Background  color  did  not  significantly  affect  response  time.  Under  bright  light,  more  errors  and 
time  resulted.  Females  were  faster  and  had  fewer  errors.  (See  Tables  39.1  39.4.) 


TABLE  39.1.  Mean  Reaction  Times  for 
Individual  Responses  in  Experiment  1. 


Factor 

Group 

N 

T me  (Sec. ) 

Overall 

48 

2 821 

Sex  of  Subject 

Female 

24 

2 662 

Male 

24 

2.979 

background  Color 

Blue 

12 

2 663 

Copper 

12 

2 687 

Tan 

12 

2810 

Green 

12 

3 123 

Ambient  Illumination 

Dim 

48 

1 313 

Bright 

48 

4 328 

Stimulus  Color 

Red 

48 

2019 

Green 

48 

2 341 

Yellow 

48 

2 992 

White 

48 

3 930 

TABLE  39.3.  Mean  Reaction  Times  for 
Individual  Responses  in  Experiment  2. 

Factor 

Group 

N Time  ( Sec. ) 

Overall 

96 

2 204 

Identification 

No 

48 

2 073 

Yes 

48 

2 335 

Sex  of  Subject 

Male 

48 

2 142 

Female 

48 

2 266 

Background  Color 

Green 

24 

2 141 

B'ue 

24 

2 199 

Copper 

24 

2 228 

Tan 

24 

2 250 

Ambient  Illumination 

Dim 

96 

1.164 

Bright 

96 

3 245 

Stimulus  Color 

Red 

96 

1 785 

Green 

96 

1.991 

Yellow 

96 

2350 

White 

96 

2 691 

TABLE  39.2.  Percent  Error  in  Color 


Naming  in 

Experiment 

i. 

Factor 

Group 

N 

% Error 

Overall 

48 

20  17 

Sex  of  Subject 

Female 

24 

17  53 

Male 

24 

22  80 

Background  Color 

Blue 

12 

17.59 

Copper 

12 

17  71 

Tan 

12 

22.22 

Green 

12 

23  14 

Ambient  Illumination 

Dim 

48 

12  68 

Bright 

48 

27  67 

Stimulus  Color 

Green 

48 

4 17 

Red 

48 

8 33 

White 

48 

24  42 

Yellow 

48 

43  75 

TABLE  39.4. 

Percent  Error 

in  Color 

Naming 

in  Experiment 

2. 

Factor 

Group 

N 

% Error 

Overall 

48 

17  39 

Sex  of  Subject 

Female 

24 

1667 

Male 

24 

18  11 

Background  Color 

Blue 

12 

14  93 

Green 

12 

16  32 

Copper 

12 

18  28 

Tan 

12 

20  02 

Ambient  Illumination 

Dim 

48 

1 1 40 

Bright 

48 

23  38 

Stimulus  Color 

Green 

48 

4 28 

Red 

48 

6 1J 

White 

48 

2 7 67 

Yellow 

48 

31  48 

• Tables  copyright  by  the  Johns  Hopkins 
University  Press. 


36 


/ *•  ■ y*  . 1 . 

«•»  w- 
».  ?*.  - 


NWC  TP  5922 

40.  Rizy,  b.  b.  Color  Specification  for  Additive  Color  Group  Displays.  Rome  Air  Development 
Center,  Research  anil  Technology  Division,  Air  Force  Systems  Command,  Griffiss  Air  Force 
Base.  New  York,  August  1965.  (RADC-TR-65-278,  AD  621  068.) 

Rizy  investigated  the  effects  of  additively  mixing  red,  green,  and  blue  primaries  to  arrive  at  a 
seven-color  code  producing  the  most  discrintinable  and  legible  alphanumerics  for  a 
group-viewable  projected  display.  The  generated  symbol  colors  were:  red,  green,  blue,  yellow, 
magneta,  cyan,  and  white.  He  found  that  filter  pairs  of  516/595  and  516/581  nm  produced  the 
best  performance  as  did  symbol  colors  red  and  yellow,  with  green  providing  the  worst 
performance.  (See  Figure  40.1.) 


Green  Blue  Yellow  Magenta 
Symbol  Colors 


F1GURF  40.1.  Subject  Performance  for  Symbol  Colors 
Averaged  Over  All  Conditions. 
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41.  Rusis,  G.  The  Utility  of  Color  in  Visual  Displays.  Autometics,  Anaheim,  Calif.,  August  1966. 
(T6-1 570/3111.) 

The  report  consists  of  a review  of  color-coding  literature  emphasizing  applications.  It  contains 
sections  on  colorimetry,  display  technology,  and  human  factors  considerations.  It  was  found 
that  red  and  yellow  are  the  most  efficient  color  codes,  although  additional  colors  (6  surface  to 
9 lights)  can  be  used  with  high  accuracy.  Primary  trade-offs  may  be  brightness/contrast, 
resolution,  persistence,  etc.  (See  Table  41.1.) 


TABLE  41.1.  Comparison  of  Coding  Techniques. 


Code 

Dimension 

Number 
Code  Steps 

Evaluation 

Color 

a 

good 

Objects  of  a given  color 
quickly  and  easily  identi- 
fied in  a field  of  various 
colored  objects.  Little 
space  required. 

Numerals 
& letters 

Unlimited 

good 

Number  of  coding  steps  un 
limited.  Requires  little 
space  if  there  is  good 
contrast  and  resolution. 

Geometric 

Figures 

15  or  more 

good 

Certain  geometric  shapes 
are  easily  recognized. 
Little  space  required  if 
resolution  is  good. 

Ares 

5 

fair 

Requires  considerable  space 
on  display. 

Visual 

Number 

6 

fair 

Requires  considerable  space 
on  display. 

Length 

4-5 

fair 

Limited  number  of  usable 
code  steps.  Will  clutter 
a display  with  many  signals. 

Angular 

Orientation 

12 

fair 

95%  of  the  estimates  will 
be  in  error  by  less  than  15° 

Brightness 

3-4 

poor 

Limited  number  of  usable 
code  steps.  Poor  contrast 
effects  will  reduce  visibility 
of  weaker  signals.  Fatiguing. 

Flash  Rates 

5 

poor 

Distracting  and  fatiguing. 
Interacts  poorly  with  other 
codes. 

Stereoscopic 

Depth 

7 

fair 

Realistic  method  of  coding 
range  or  altitude.  Requires 
complex  electronic  displays. 
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42.  Saen/.  Norman  K.,  and  Charles  V.  Riche.  Jr.  "Shape  and  Color  as  Dimensions  of  a Visual 
Redundant  Code,"  Hum.  Factors,  Vol.  16  (1974),  pp.  307  312. 

The  authors  investigated  the  effect  four  geometric  shapes,  four  colors,  and  four  redundant 
color-shape  coded  targets  have  on  a tinted  search  and  detect  task.  The  background  contained 
clutter  objects  consisting  of  irrelevant  shapes  and/or  colors,  file  authors  found  the  redundant 
and  the  color  code  to  be  more  effective  than  the  shape  code.  Ordered  by  search  time,  from 
best  to  worst,  for  the  color  redundant  code  the  results  were:  yellow,  blue,  red  and  green.  For 
shapes  the  order  was  circle,  square,  cross,  and  triangle.  (See  Table  42.1  and  42.2.) 


TABLE  42.1.  Mean  Log  Search  Times  (Seconds)  for  Codes 
by  Shapes,  for  Codes,  and  for  Shapes. 


Codes 

Shapes 

Codes 

Circle 

Square 

Cross 

Triangle 

Color 

792 

789 

799 

.790 

.792 

Shape 

853 

876 

899 

.968 

.899 

Redundant 

726 

735 

748 

.755 

.741 

Shapes 

790 

800 

815 

.837 

TABLE  42.2.  Mean  Log  Search  Times  (Seconds) 
for  Codes  by  Color  and  for  Color. 


Colors 

Codes 

Yellow 

Red 

Blue 

Green 

Color 

707 

.771 

793 

899 

Shane 

946 

883 

897 

871 

Redundant 

.704 

744 

738 

7 78 

Colors 

786 

799 

809 

849 
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43.  Shontz,  William  D.,  Gerald  A.  Trumm,  and  Leon  G.  Williams.  "Color  Coding  Information 
Location,”  Hum.  Factors,  Vol.  13  (1971),  pp.  237  246. 

The  authors  investigated  partially  redundant  color  coding,  achromatic  coding,  and  uncoded  color 
for  information  location  on  aeronautical  charts.  They  found  that  coding  reduced  search  time 
over  uncoded  maps.  Additionally,  no  significant  difference  was  found  between  achromatic  and 
color-coded  search  times.  (See  Figure  43.1.) 


■Copyright  by  The  Johns  Hopkins  University  Press. 

FICURF  43.1.  Search  Time  Distributions  for  Coding  Conditions. 


44.  Smith,  S.  L.  “Color  Coding  in  Visual  Search,"  J.  Fxp.  Psych..  Vol.  64  (1962).  pp.  434  440. 

Smith  investigated  target  density,  number,  and  color,  known  or  unknown,  against  a white  or 
black  background  as  a function  of  search  time.  He  found  lit  at  knowledge  of  target  color, 
density  and  number  were  significant;  neither  target  color  (red.  green,  blue,  orange,  and 
black/white)  nor  background  were  significant.  (See  Figure  44.1.) 


FIGIIRL  44.1.  Search  Time  as  a 
Function  of  Display  Density  When 
Target  Color  Is  Known  and  Unknown 
and  When  There  are  20  Items  of 
Target  Color  in  all  Cases. 
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-- Copyright  1962  by  the  American  Psychological 
Association.  Reprinted  by  permission. 
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45.  Smilh,  S.  L..  “Color  Coding  and  Visual  Separability  in  Information  Displays,”./  Appl.  Psych.,  Vol.  47 
( 1965 ),  pp.  358  364. 

Smith  studied  five  item  codes  (letter.  3-digits,  and  vector-arrow)  in  white  on  black  or  1 ot  5 
colors  (red.  yellow,  green,  blue,  or  white)  and  varied  density  (20.  60,  or  100  codes)  as  a 
function  of  search  and  counting  tasks.  For  the  color  condition,  a color  was  used  with  a letter 
representing  a redundant  coding  technique.  He  found  that  both  search  time  and  errors  increased 
with  density  . The  redundant  color  code  reduced  search  time  (65%),  counting  time  (69%),  and 
counting  errors  (76'/?).  Target  color  was  not  significant.  (See  Figure  45.1.) 


--Copyright  1963  In  the  American  Psychological 
Association.  Reprinted  by  permission. 

FKiURh  45.1.  Average  Counting  and 
Search  Times  as  a Function  of  Display 
Density  With  and  Without  Color  Coding. 


46.  Smith,  S.  L.,  and  1).  W.  Thomas.  “Color  Versus  Shape  Coding  in  Information  Displays."  / Appl. 
Psyi  h. . Vol.  48  ( 1964),  pp.  137  146. 

The  authors  investigated  color  compared  to  shape  coding  of  symbols  on  a rear  projection 
display.  Drey  varied  density  (20,  60.  or  100  symbols)  color  (red.  yellow,  green,  blue,  and 
white),  symbols  (military  shapes,  geometric  shapes,  and  aircraft  shapes  five  of  each  kind)  and 
three  coding  schemes  (color  irrelevent  form  discrimination,  color  constant  the  same  for  all 
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targets.  and  color  varied  military  shape  constant)  in  a counting  task  measuring  accuracy  and 
errors.  They  found  (l)  counting  time  increased  linearly  with  increased  density,  as  did  errors; 
(21  colors  were  counted  at  least  twice  as  fast  as  the  next  best  code  military  symbols;  (3)  red. 
yellow,  and  white  were  counted  equally  fast,  while  blue  was  more  difficult  and  green  took  the 
longest;  and  (4)  some  shapes  were  counted  faster  than  others  with  ships,  stars,  and  B-52s  easier 
than  radars,  triangles,  and  C-54s.  (See  Figures  46.1  through  46.3.) 


NUMBER  OF  DISPLAYED  ITEMS 

FIGURt  46.1.  Average  Counting  Time  as  a 
Function  of  Display  Density.  Comparing  Color 
Coding  With  the  Three  Shape  Codes. 


FIGURE  4(s.2.  Average  Counting  Time  as  a 
Function  of  Display  Density.  Comparing 
Different  Color  Target  Classes. 


NUMBER  OF  DISPLAYED  ITEMS 


FIGURE  46.3.  Average  Counting  Time  as  a 
Function  of  Display  Density,  Comparing 
Different  Geometric  Form  Target  Classes. 


I igures  copyright  I4(>4  In  the  Amcnean  Psychological 
Association.  Reprinted  by  permission. 
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47.  Smith,  S.  L ..,  Barbara  B.  Farquhar,  and  D.  W.  Thomas.  "Color  Coding  in  Formatted  Displays,"  J 
Appl.  Psyc  h , Vol.  49  < 1965),  pp.  393  398. 


The  authors  studied  the  effects  of  color,  superscript,  and  underline  coding  on  add-up-the-iow 
and  counting  tasks  providing  time  and  error  measures,  for  both  redundant  coding  and 
competing  stimuli.  They  found  that:  (1)  comparison  time  increases  with  increasing  disp  .. 
density;  (2)  comparison  was  easier  for  lower  numbers  than  higher  ones;  (31  widely  disparate 
numbers  were  easier  to  compare  than  similat  numbers;  (41  color-coded  numbers  decrease  both 
time  and  errors  over  uncoded  ones;  (5)  color  was  a superior  coding  technique  for  both 
comparison  and  counting  tasks;  and  (6)  color  was  relatively  more  effective  in  a counting  than 
in  a comparison  task  for  formatted  displays.  A formatted  display,  as  used  here,  is  organized  by 
row  and  column  structure  as  opposed  to  random  target  placement.  (See  Figures  47.1  and  47  2.1 


-•f  igures  copyright  1965  by 
Association.  Reprinted  b> 

F'KiURt  47.1.  Average  Row-Comparison 
Time  as  a Function  of  Display  Density 
for  Relevant  Item  Coding. 
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the  American  Psychological 
permission. 

FTGURF  47.2.  Average  Counting  Time 
as  a Function  of  Display  Density  for 
Relevant  Item  Coding. 


48.  Tickner,  A.  II.  and  F.  C.  Poulton.  "Watching  for  People  and  Actions."  I.rgonomics.  Vol.  18 

(1975),  pp.  35  51. 

A color  and  black-and-white  film  of  a street  scene  was  observed  by  subjects  tor  1.  2.  or  4 
hours.  Their  task  was  to  watch  for  suspects  (whose  still  photographs  were  in  color  or 
black-and-white)  and  suspicious  behavior.  They  found  that  suspects  weie  detected  more  often 
with  color  than  with  black-and-white  film,  especially  when  the  session  was  preceded  by  a short 
color  film  (20  seconds)  of  the  suspect.  It  is  possible  that  a short  black-and-white  film  would 
also  improve  performance,  although  this  condition  was  not  tested.  The  authors  note  that  color 
photos  with  color  film  were  not  advantageous  over  black-and-white  photos  with  coloi  film. 
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49.  Tyte.  R..  J Wharf,  and  B.  Kltis.  "Visual  Response  Times  in  Higli  Ambient  Illumination  Snacty  for 
Information  Pisplav  Digest,  1975,  pp.  98  99. 

The  authors  investigated  response  time  as  a function  of  target  color  and  luminance  under  brigln 
(l()5  lux  I illumination.  The  targets  were  spots  of  light  subtending  10.7  Then  icsults  show  that 
response  time  decreases  with  increasing  luminance.  A leveling  trend  occurs  at  about  5 III  and 
continues  out  to  the  tested  maximum  of  137  ft L (470  nits).  Response  time  was  also  found  to 
be  differentially  affected  by  stimulus  wavelength  and  luminance,  with  led  providing  lasiei 
response  times  at  lower  luminances  than  either  green  or  yellow.  These  findings  are  in  only 
partial  agreement  with  Lit.  et  al.  The  authors  speculate  that  these  findings  indicate  the  eye 
perceives  contrast  in  each  color  channel  independently  of  overall  brightness  (See  Figures  49  1 


through  49.3.) 


FIGLRI  49.1.  Subject's  Response 
Time  as  a Function  of  Stimulus 
Luminance  in  Nits.  Stimulus 
wavelength  648  nm. 


S1IMULUS  LUMlNANlt.  |NIT%| 

FIGURF  49.2.  Subject’s  Response 
Time  as  a Function  ol  Stimulus 
Luminance  Using  Broad  Band  Filters. 


FIGURL  49.3.  Subject’s  Response 
Time  as  a Function  of  Stimulus 
Wavelength.  Stimulus  luminances 
A 48  nits.  11:30  nits. 
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50  Volkmann,  Frances  ('.  and  1 F.ngen.  “Three  Types  of  Anchoring  Effects  in  Absolute  Judgment 
of  Hue,"  J Exp.  PsvchoL , Vol.  61  (l%l).  pp.  7 17. 

Twenty  equally  spaced,  low-saturation  Munsell  hues,  plus  two  saturated  hues  were  used  as 
stimuli  while  20  nonsense  syllables,  plus  two  highly  associative  syllables,  were  used  as  responses 
to  investigate  anchoring  effects  in  hue  judgment  in  terms  of  identification  accuracy  and 
response  time  Anchoring  effects  are  changes,  “in  one  or  more  dependent  variables."  The 
authois  found,  in  comparison  with  the  control  group  who  saw  the  nonanehored  condition,  that 
the  anchoring  stimuli  were  identified  more  accurately  than  the  remaining  18  hues,  but  colors  on 
either  side  were  still  not  easily  identified  (only  slight  anchoring  effect).  Anchoring  responses 
increased  accuracy  to  the  attached  stimuli,  but  decreased  it  for  surrounding  stimuli.  Anchoring 
strinuli  seem  to  have  a greater  effect  than  anchoring  responses.  (See  Figures  50.1  and  50.2.) 


iv  St.  SBC  SB  S»b  SP  SRP  SR 
10GV  10G  10BG  10B  10PB  10P  10RP  10R 


10V  JOGV  10G  10BG  10B  10PB  10P  10RP  10R 
STIMULI 


1 igures  copyright  tdfsl  by  the  American  Psychological 
Association.  Reprinted  by  permission. 


FIGURE  50.1.  Percentage  of 
Judgments  Correct  as  a Function  of 
Stimuli  for  Group  S-F.  R-F.  the 
Control  Group. 


F1GURF  50.2.  Percentage  of 
Judgments  Correct  as  a Function  of 
Stimuli  for  Group  S-A.  R-F.  Arrows  at 
top  of  graph  indicate  the  loci  of 
supplied  anchoring  stimuli. 
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Warner.  Dan  W.  large!  Detection  With  Color  is.  Black  and  White  Television.  Naval  Weapons 
Center,  China  Lake.  Calif..  NWC,  April  1975.  ( NWC  TP  5731.) 

The  author  investigated  target  detection  performance  on  color  compared  to  black-and-white  TV 
as  a function  of  percent  targets  detected  and  detection  time.  Green,  brown,  and  gray  tanks 
were  seen  on  a terrain  model  with  two  background  colors  (green  and  brown),  under  three  levels 
of  resolution  (25.  35.  and  300  TV  lines)  and  three  luminance  contrast  values  (+0.3,  0.  and 
-0.3)  He  found  that  (1)  Performance  on  color  TV  was  slightly  higher  than  on  black-and-white 
TV  1 74  \s.  69*7).  (2)  Background  color  was  not  significant,  although  it  had  an  interactive 
effect  (3)  Gray  targets  were  significantly  easier  to  detect.  (4)  Increased  resolution  had  a 
comparable  effect  on  color  and  black-and-white  TV.  (5)  Targets  lighter  than  the  background 
(+0.3)  were  detected  more  often  and  faster  than  targets  darker  than  the  background  (-0.3)  or 
no  contrast  targets  (0).  (See  Figure  51.1.) 


FTGDRF.  51.1.  Percent  Targets  Detected  With 
Color  and  Black-and-White  TV  as  a Function  of 
(a)  Background,  (b)  Target  Color,  (c)  Resolution, 
and  (d)  Contrast. 
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52.  Wagner,  Dun  W Target  Acquisition  With  Color  is.  /Hack  and  White  Television.  Naval  W'eapons 
Center.  China  Lake.  Calif.,  NWC,  October  1975.  (NWC  TP  5800.) 

Two  experiments  were  conducted,  differing  only  in  field  of  view  (4.5  and  5.25  degrees),  to 
investigate  target  detection  and  identification  time  and  accuracy  with  color  and  black-and-white 
TV  using  realistic  imagery.  He  found  that:  (1)  Color  TV  was  not  significantly  better  than 
black-and-white  TV.  (2)  Earth-colored  targets  provided  better  performance  than  green,  brown, 
and  olive  targets.  (3)  Tanks  were  slightly  easier  to  detect,  but  not  identify . than  tiucks.  (4) 
Target  background  had  an  interactive  effect  on  both  detection  and  identification.  (5)  The  3.25° 
FOV  was  better  than  the  4.5°  EOV  for  detection  (8b  vs.  41r!).  (See  Figure  52.1.) 


FIGURE  52.1.  Percent  Correct  Detections  (a)  and  Identification  (b).  Given 
Correct  Detection,  as  a Function  of  Field  of  View  for  Coloi  and 
Black-and-White  Television. 
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53.  Wagner,  Dan  W.  Experiments  With  Color  Coiling  on  Television.  Naval  Weapons  Center,  China 
Lake.  Calif.,  NWC,  December  1976  (in  preparation). 

Three  experiments  were  conducted  which  required  subjects  to  detect  vehicular  targets  on  one 
TV  display  while  monitoring  one  or  two  engine  advisory  TV  displays,  under  red  or  white 
illumination  (4.3  lux),  for  possible  malfunctions.  The  advisory  displays  were  seen  in 
conventional  black-and-white,  monochromatic  red.  green,  blue,  and  yellow,  and  two  color-coded 
conditions  (red  malfunction  indication  shown  against  either  yellow  or  white  markings).  The 
author  found  that  (1)  compared  to  black-and-white  TV',  response  time  was  iowei  for  the 
red-and-white  color-coded  condition  and  the  monochromatic  yellow  or  blue,  response  time  was 
generally  poorer  with  red  or  green  monochrome,  and  little  difference  was  noted  for  the 
red-on-yellow  color-coded  condition:  (2)  an  advisory  display  in  color  (eg  yellow)  could  be 
used  with  a black-and-white  display  without  degrading  performance;  (5)  the  illumination  color 
had  no  effect  on  performance,  regardless  of  display  color,  and  (4)  when  only  one  advisory 
display,  seen  in  black-and-white  or  color-coded  red-on-white,  was  used  with  the  taigei  detection 
task,  target  detection  response  time  was  significantly  taster  with  the  color-coded  advisory 
display  . There  was  no  difference  in  response  time  between  the  coloi  and  black  and  white 
advisory  display.  (See  Figure  53.1.) 
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FIGURE  53.1.  Color  Relative  to  Achromatic  TV  Mean  Response 
Time  Performance  for  Three  Displays. 


54.  Wedell,  J.  and  D.  G.  Alden.  “Color  Versus  Numeric  Coding  in  a Keeping  Track  Task 
Performance  Under  Varying  Load  Conditions,"  ./  .-I ppl  Psych..  Vol  5"  (1973).  pp.  154  159. 


Color  versus  numeric  coding  was  investigated  m an  air  traffic  control-type  (keeping-track) 
task  aircraft  position,  altitude,  and  identification.  Subjects  saw  6.  8.  or  10  aircraft  with  number 
or  color  codes  (6)  to  identify  altitude  level.  Thes  were  periodically  interrogated  as  to  the 
number  of  aircraft  (1.2.  or  3)  at  a particular  level.  lire  authors  found  that  tl  I errors  increased 
with  aircraft  load:  (2)  errors  increased  with  interrogation  load  (1,  2.  or  3 aircraft  at  a given 
altitude);  and  (3)  color  was  useful  for  retaining  the  number  of  aircraft  at  a particular  altitude, 
but  not  superior  to  numerics  for  location  or  identity,  especially  at  the  higher  loading  levels 
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55.  While,  R.  M.,  Jr.,  M.  J.  Dainoff,  and  R.  E.  Reynolds.  Factors  Affecting  the  Detection  and 
Recognition  of  Colored  Targets.  Aerospace  Medical  Research  Laboratory,  Wright-Patterson  Air 
Force  Base,  Ohio,  AMRL,  May  1972.  (Technical  Report  72-58.) 

A series  of  five  experiments  were  conducted  to  investigate  target  and  background  hue. 
saturation,  brightness,  si/.e,  position,  ainhient  illumination,  and  absolute  judgment  effects  on 
identification  time  and  accuracy.  Their  findings  generally  substantiated  existing  literature  in  that 
hue,  si/.e,  and  brightness  were  effective  variables  in  affecting  performance.  Additionally,  it  was 
found  that:  (1)  Target  colors  complementary  to  the  background  color  were  most  easily 
discriminated.  (2)  Saturation  contrast  (high  saturation  target  versus  low  saturation  background) 
provided  faster  reaction  times  than  did  luminance  contrast.  (5)  Blue  was  an  effective  color  in 
the  periphery,  but  not  the  fovea  of  the  retina.  (4)  When  hue  and  saturation  were  varied 
individually  and  then  jointly  it  was  found  that  partial  redundancy  provided  more  accurate 
discriminability ; but  complete  redundancy  transmitted  more  information  (2.95  bits).  (See  Figure 
55.1.) 
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FIGURE  55.1.  The  Combined  Effects  of 
Hue  and  Saturation  of  Target  Against 
Achromatic  Backgrounds  in  Experiment  I. 
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56.  Wong,  K.  W,  and  N.  G.  Yacoumelos.  “Identification  of  Cartographic  Symbols  From  TV 
Duplays,"  Hum  Factors.  Vol.  1?  (1973),  pp .21  31. 

The  authors  investigated  map  symbol  reading  performance  on  color  and  black-and-white  TV 
while  varying  map  types  (two  line  maps  and  one  picto-map)  and  resolution  (5.  7.  and  9 
lines/mm).  They  found  that  color  TV  had  some  advantages  over  black-and-wlute  TV  in  that 
comparable  perlormance  was  achieved  with  25T  luwer  resolution.  Alphanumeric  symbols  were 
identified  with  nearly  1009J  accuracy  at  9 lines  mm  resolution.  (See  Figure  56.1.) 


a Block -i-Wh.U 
0 Color 


TYPE  OF  SYMBOL 

-(  opyright  by  The  Johns  Hopkins 
University  Press. 

FIGURE  56.1.  Interaction  Between 
Display  Types  and  Symbol  Types. 


57  Wyszecki,  (i.  and  W.  S.  Stiles.  Color  Science.  New  York,  John  Wiley  and  Sons,  Inc.,  1967. 

This  fairly  technical  book  contains  some  concepts  and  methods  and  a great  deal  of  quantitative 
data  and  formulae.  It  assumes  the  reader  has  a technical  background  in  color  research  and  then 
provides  the  quantitative  tools,  in  the  form  of  tables,  figures,  and  formulae,  to  accomplish  that 
end  The  book  is  divided  into  seven  sections,  including  physical  data  on  radiometrv.  the  human 
eye.  photometry,  color  and  brightness  matching,  color  discrimination,  miscellaneous  concepts, 
and  a particularly  coherent  and  informative  section  on  colorimetry.  (See  Table  57.1.) 
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TABLE  57.1. 


1 . Psychological  concepts 


Color  (perceived) 
Hue 

Saturation 

Brightness, 

lightness 

Chromaticness 


Geometrical  Interpretation 
Point  in  three-dimensional  space 
of  color  perception  ( Fig  VI) 

| Cylindrical  coordinates  in  three- 
] dimensional  space  of  color 
) perception  (Fig.  3. 1 ) 

Colors  of  the  same  chroma  tier  a»s 
lie  on  lines  parallel  t*-*  me 
brightness  axis  in  space  shown 
in  Fig.  3.1 


A tebraic  Expression  and  Relation 
to  Other  Terms 


y = j if,  a) 


2.  Psychophysical  concepts 
Color 

(psychophysical) 

Color  stimulus  {/ 


Spectrum  color  Ox 

Achromatic  color  N 

Primary  colors  R.  G.  B 


Tristimulus  values  R.  G,  B 


Vector  in  three-dimensional  space 

(Fig.  3.2) 

Values  of  a radiometric  quantity, 
such  as  radiant  flux  per  unit 
wavelength  interval,  plotted 
against  wavelength  (Fig  3 3) 
Vector  in  three-dimensional  ace 
Vector  in  three-dimensional  sp^ce 
Unit  vectors  along  Cartesian  co- 


O = Rk  + 6G  -F  i/B 


O = R.  R -F  Ga G -F  B,  B 
N = R sR  -F  GSC  -F  0nB 
Ki  R = 1.6  = B = 0). 


ordinate  axes  of  three-dimensional  Gi  R = 0.  6 = 1 . B — 0), 
space  (Fig.  .3.2)  B<  R = G ' = 0.  B — I) 


Coordinates  of  vector  Q in  R.  G.  B 
space  (Fig.  3.2) 


R = J" PC' i dk  <3  = j PCgi  dk 


Color-matching  functions  r x,  ~gx,  hx 


Chromaticity 

coordinates 


Tristimulus  values  of  monochromatic 
colors  of  equal  radiant  energy 
plotted  against  wavelength 
(Fig.  3.4) 

Coordinates  in  chromaticity 
diagram 


R 

R + G + B' 


R -F  G -F  B 


Chromaticity 


Chromaticity 

diagram 

Dominant 

wavelength 

Complementary 

wavelength 

Excitation  purity 


K 

(or  — /.u) 


Metameric  colors  Oj  = Oi  = 


Point  in  chromaticity  diagram. 
(Intersection  of  vector  Q with 
unit  plane)  (Fig  3.2) 

Unit  plane  in  R,  G.  B space 
(Fig.  3.2) 

jsec  Fig.  3.6 


Ratio  of  distances  in  chromaticity 
diagram  as  shown  in  Fig.  3.6 

Identical  vectors  in  R,  G.  B space 
but  different  color-stimulus 
functions  (Fig.  3.5) 


Isomeric  colors  Oi  = Oj  = 


Identical  vectors  in  R.  G,  B space 
and  identical  color-stimulus 
functions 


R + G + B 
r + g + h -=  1 


R + G + B = 


g - g.y 
gb  — Tv 


Jp,t}idX=  jp.Cn 

jpxigidX  - j P-igidX  ■ 

jpuhidX  = J 'p,J,xdX  = 


Pt.bxdX  = 


wilh  P,i  ^ Pliyt 
Pa  = Pa  = ■ ■ ■ 
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1 Army  Combat  Developments  Command,  Experimentation  Command,  Fort  Ord 
(Technical  Library) 

1 Army  Combat  Developments  Command,  Field  Artillery  Agency,  Fort  Sill 
1 Army  Materiel  Development  & Readiness  Command 
1 Army  Missile  Command,  Redstone  Arsenal 
1 Army  Training  & Doctrine  Command,  Fort  Monroe 
1 Aeroraedical  Research  Laboratory,  Fort  Rucker 

1 Army  Ballistics  Research  Laboratories,  Aberdeen  Proving  Ground 

2 Army  Human  Engineering  Laboratory,  Aberdeen  Proving  Ground 

2 Army  Materiel  Systems  Analysis  Agency,  Aberdeen  Proving  Ground 
1 Army  Mobility  Equipment  Research  and  Development  Center,  Fort  Belvoir 
(Lib  rary ) 

1 Army  Research  Institute,  Arlington 

1 Fort  Huachuca  Headquarters,  Fort  Huachuca 

2 Frankford  Arsenal 

2 Army  Armament  Research  & Development  Center 
SMUPA-AD-C  (1) 

SMUPA-FRL-P  (1) 

1 Redstone  Arsenal  (DRXHE-MI) 

1 White  Sands  Missile  Range 

1 Air  Force  Logistics  Command,  Wright-Patterson  Air  Force  Base 
1 Air  Force  Systems  Command,  Andrews  Air  Force  Base  (SDW,  Roger  Hartmeyer) 
1 Tactical  Air  Command,  Langley  Air  Force  Base 
1 Oklahoma  City  Air  Materiel  Area,  Tinker  Air  Force  Base 
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3 Aeronautical  Systems  Division,  Wright-Patterson  Air  Force  Base 
Code  AERR  (1) 

Code  RW  (1) 

Code  XR  (1) 

1  Aerospace  Medical  Research  Laboratory,  Wright-Patterson  Air  Force  Base 
(Code  HEA) 

1 Air  Force  Armament  Laboratory,  Eglin  Air  Force  Base 
(Technical  Library) 

12  Defense  Documentation  Center 

2 Director  of  Defense  Research  & Engineering 

TST&E  (1) 

DAD-E&LS  (1) 

1 Defense  Intelligence  Agency 

1 Applied  Physics  Laboratory,  JHU,  Laurel,  MD 

2 Autonetics/Rockwell  International  Corporation,  Anaheim,  CA 
(Human  Factors  Group) 

2 Calspan  Corporation,  Buffalo,  NY  (Life  Sciences  Avionics  Dept.) 

2 General  Research  Corporation,  Santa  Barbara,  CA 

3 Hughes  Aircraft  Company,  Culver  City,  CA 
(Display  Systems  Laboratory) 

1 Human  Factors  Research,  Incorporated,  Goleta,  CA 

1 Institute  for  Defense  Analyses,  Arlington,  VA  (Technical  Library) 

2 McDonnell  Douglas  Corporation,  Long  Beach,  CA  (Director,  Scientific 
Research,  R&D  Aircraft  Division) 

2 McDonnell  Douglas  Corporation,  St.  Louis,  MO  (Engineering  Psychology) 

1 Martin-Marietta  Corporation,  Orlando,  FL 

1 National  Academy  of  Sciences,  Vision  Committee,  Washington,  D.C. 

1 Rockwell  International  Corporation,  Columbus,  OH 

2 Systems  and  Research  Center,  Minneapolis,  MN  (Vision  & Training 
Technology) 

5 The  Boeing  Company,  Seattle,  WA  (Crew  Systems  MS-41-44) 

1 The  Rand  Corporation,  Santa  Monica,  CA  (Dr.  H.  H.  Bailey) 

1 University  of  California,  Scripps  Visibility  Laboratory,  San  Diego,  CA 

2 Virginia  Polytechnic  Institute,  Blacksburg,  VA  (Industrial  Engineering 
Department) 

2 Vought,  Incorporated,  Systems  Division,  Dallas,  TX  (Human  Factors 
Engineering) 
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